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OPTIMIZATION OF TOOL WEAR DURING PLUNGE
TURNING OF HARDENED 18CrMo4 STEEL

Bogustaw Pytlak

Summary

The paper investigates the influence of cutting parameters (v¢, f, m) on the tool wear VBg during finish
plunge hard turning of hardened 18CrMo4 steel with the use of Cubical Boron Nitride (CBN) inserts. The
experimental research was conducted according to the Taguchi methodology. On the basis of the research
results obtained, optimal values of cutting parameters were determined, for which the tool wear VBs is
minimal. Next, the analysis of variance ANOVA was performed in order to determine the significance of
the impact of particular cutting parameters on the optimized criteria. Verification tests which were carried
out confirm the conclusions drawn that the greatest influence on tool wear VBs has the cutting speed vc
which should be the lowest and feed f which should be the lowest too.
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Optymalizacja zuzycia narzedzia podczas wglebnego toczenia zahartowanej stali 18CrMo4

Streszczenie

W pracy przedstawiono wptyw parametrow skrawania (ve, f, m) na zuzycie narzedzia (VBs) podczas
wykonczeniowego wgtebnego toczenia na twardo stali 18CrMo4 w stanie zahartowanym ptytkami
z regularnego azotku boru (CBN). Badania eksperymentalne prowadzono z uwzglednieniem metodyki
Taguchi’ego. Analiza uzyskanych wynikow badan byta podstawa do wyznaczenia optymalnych wartosci
parametrow skrawania, dla przyjetego kryterium najmniejszego zuzycie narzedzia. Wykonano réwniez
analize wariancji ANOVA w celu okreslenia istotnosci wptywu poszczegélnych parametrow skrawania
na optymalizowane kryterium. Wyniki przeprowadzonych badan weryfikujacych potwierdzity, ze
najwiekszy wptyw na zuzycie narzedzia ma predko$¢ skrawania. Dlatego nalezy stosowac najmniejsze
warto$ci predkosci skrawania, réwniez posuw powinien mie¢ warto$¢ minimalna.

Stowa kluczowe: wgtebne toczenie na twardo, zuzycie narzedzia, optymalizacja, metoda Taguchi’ego

1. Introduction

The increase in popularity of hard turning in rdcgars has brought many
interesting variations of this machining method [@he of them is hard turning
with plunge feed. The most important advantagdnigfrhachining method is the
reduction of machining time of approx. 75-90% aspared to straight hard
turning, even using the Wiper geometry insertssT$a significant advantage in
the current pressure to reducing the manufactuiing and production costs.
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Another advantage of hard turning with plunge fesedistribution of the cutting
process over a considerable length of the cuttolgeeof the insert, which in
combination with the short contact time of the ktedgth the tool results in
extension of the tool life [2, 3]. Other benefitelude the elimination of coolant
and helical machining marks. Of course, hard tymitth plunge feed has several
drawbacks. The main one is the occurrence of isecta&utting forces resulting
from the distribution of the cutting process ovecansiderable length of the
cutting edge. In addition, the quality of the fimias well as the strength of the
cutting edge of the insert must be high [2]. Ale@h costs of Cubical Boron
Nitride (CBN) tools should be mentioned, as a ftedik essential that tool wear
should be limited to a minimum.

The width of the machined surface during plungainhg is limited to the
length of the cutting edge of the insert. Howeifghe machining surfaces mating
with sealing rings (Simmerring ring), this restidct is not an obstacle, because
the contact of the sealing ring with the shaftacefoccurs on a very small width.
The results of preliminary research presented peppgl] indicate that the surface
of the steel 18CrMo4 after plunge hard turning @&ty meets the requirements
for suitable geometrically-dimensional accuracy andface layer properties
[5-7]. Chromium-manganese steel 18CrMo4 for cadiog, hardening and
tempering is a common material for gear parts,efample for toothed shafts
cooperating with the sealing rings. So far, thetrsosnmon in industrial practice
as finishing operation of surfaces mating with slsaling rings is used plunge
grinding with a sufficiently long time of sparkirast, recommended by most
manufacturers sealing rings. The problem of altéreamethods of finishing
surfaces mating with the sealing rings was raiseaong others in the papers
[8-10].

2. Methodology

The paper investigates the influence of the cupeedr., plunge feed and
displacementn on the criteria tool weavBg. The average width value of flank
wearVBg measurements were performed during the reseahehdiBplacement
parametem consists in a small movement of the insert alémgutting edge, the
purpose of which is the elimination of the effeofsprofile roughness of the
cutting edge on the machined surface [2]. It ocaitsr the completion of the
plunge feed movement of the cutting insert. Theldisement values were
assumed on the basis of research of the roughnefiie jpf the flank face along
the cutting edge (Fig. 1) carried by the gauge 8ahrws 1.

The experimental study was performed with the ufethe Taguchi
methodology. This methodology allows a simple, cgdfnit, and systematic
improvement of product quality and/or a reductibrisomachining costs by using
experimental research. Traditional designs of ¥pegment are complicated and
difficult to use. Additionally, when the number wfput parameters increases
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Fig. 1. Topography of flank face (a) and roughn@sdile measured along the cutting edge
with selected surface roughness parameters (b)

it is necessary to perform a large number of expents [11]. Orthogonal arrays
designed by Taguchi allow for simultaneous and pedelent assessment of the
influence of two or more input parameters on th&uwouparameter when the
minimal number of experiments is performed. In Teguchi methodology, the
lost function is defined which is the differenceveeen the desired value and the
experimental value. In turn, the lost function tentransformed to the signal-to-
noiseS/N ratio, which, depending on the characteristichef éxamined quantity
can be: the smaller-the better, the bigger-theehedind the nominal-the better.
Values of the signal-to-nois&N ratio for the tool wealBg were calculated
adopting the smaller the better criterion (SB),hwibe use of the following
equation :

INg = —10Iog(%i yizj (1)

where:n — number of the measurements for a given layouh®fexperimental

design,yi — measured value of the investigated parametgafdiess of the type
of the optimized size, the largest value of 84¢ coefficient corresponds to the
optimal levels of the cutting parameters.
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Three setting values of the cutting parameters wseel in the experimental
researctv.= 100, 200, 300 m/mirf,= 0.02, 0.04, 0.06 mm/rev ama= 0, 0.025,
0.05 mm, successively referred to as level 1, 23arikhe experimental research
was conducted according to the experimental ddsgad on the orthogonal array
Lo (Table 1). For each layout of the experimentaligiesS repetitions were
performed. During the research, the following alitievels of the cutting
parameter are assumeg= 200 m/min,f = 0,02 mm/revm = 0.025 mm labeled
as:ve2, f1, m2.

Table 1. Setting levels and the corresponding watiie¢he cutting parameters
for particular layouts of the experimental desigisdxd on the orthogonal array L

Level Cutting parameters
Layout No.

Ve f m Ve, m/min f, mm/rev m, mm
1 vel fl ml 100 0.02 0
2 vel f2 m2 100 0.04 0.025
3 vel f3 m3 100 0.06 0.05
4 Ve2 fl m2 200 0.02 0.025
5 Ve2 f2 m3 200 0.04 0.05
6 Ve2 f3 ml 200 0.06 0
7 Ve3 fl m3 300 0.02 0.05
8 Ve3 f2 mil 300 0.04 0
9 Ve3 f3 m2 300 0.06 0.025

For each attempt at a final stage of the machimimtyyell is performed which
is equal to two shaft rotations, aimed at assusithgquate dimensional accuracy
of the machined surface. The research was condumethe shaft having
dimensions 0f260x300 mm, made from 18CrMo4 steel. 27 grooves wet®n
the shaft with dimensions of 4x4 mm, which cre&@&@dylindrical surfaces with
the width 6 mm (9 layouts of the design x 3 repeig), used in the course of the
research. In the next step, the shaft underwentalf@ving thermo-chemical
treatments: carburizing to the depth of 2 mm, hairde and tempering to the
hardness of 60+2HRC. The machining was carrie@odbe CNC lathe TUG 56-
MN. Monolithic inserts TNGX1103085S-R-WZ of CBN210grade which
consisted of 50% CBN (grain size 2 um) and 50% U$€d as the binder were
used for finishing hard turning. The inserts welamped in the tool holder
CTJINR 2525 M11. During the research, a 0.2 mm-tlagkr of the material was
removed for each attempt.

The tool wear measurements were carried out orpticabmicroscope ZKM
01-250C. The wear values were measured each titee thé execution of 20
attempts with 3 repetitions. The total number tdrapts for the tool wear was 200.
Statistical analysis of the results was performsidgithe software package Statistica
v.12.
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The measured values (mean from 3 repetition) ofatlerage width of the
flank wearVBg and the correspondingNss after plunge turning are given in

Table 2.

Table 3 and Figure 2 present the mean value ofaineSNs for each set-

3. Results and their analysis

up level for the average width of flank weé#Bs.

Table 2. The values of the average width flank vwéy
and the correspondirfgNs

La,\‘,’g_“t VBs, gm S/Nss, dB
1 127.7 42.133
2 1443 743.200
3 144.7 43213
4 146.1 43.201
5 155.7 43.861
6 163.9 44.291
7 160.7 44.128
8 1712 44,675
9 189.1 45536

Table 3. The mean values of {8&\ss ratio for the average width of flank wedBs

; Mean valueS/Nsg, dB
CUttln% S/NSB max— S/NSB min
parameter level 1 level 2 level 3
Ve, m/min -42.848 -43.814 -44.780 1.931
f, mm/rev -43.184 -43.912 -44.347 1.163
m, mm -43.699 -44.009 -43.734 0.310
Total mean ratig = -43.814 dB,; — optimal level
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Fig. 2. The graph of mean values of &iNss ratio for the average width of flank weéBs
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An analysis of Table 3 and Figure 2 shows thabhténal levels of cutting
parameters (the highest valuesiss) are as followsyvcl, f1, ml. The most
significant effect on the tool wear described bg plarameteYBg has the cutting
speedv; and feed. The effect of displacememnt is practically negligible. The
decrease in the cutting speednd feed extends the tool life.

Figure 3 presents an exemplary photo of the rate dad the flank face of a
worn insert (200 attempts) using the optimal lewdlsutting parametenrgl, f1,
ml. While Figure 4 shows an example of the relatigmef tool wearVBg as a
function of the number of attempts made for theeslavel of cutting parameters.
The tool wear process has linear character.

rake face il flank face

~ i L N

crater wear « flank wear

|

Fig. 3. Rake face with visible crater wear (a) dadK face with visible flank wearBs (b)

140
120
100
80
60
40
20

VBg, M

0 20 40 60 80 100 120 140 160 180 200
Attempts

Fig. 4. Graph of the average width of flank wea¥Bgs as a function of the number
of attempts made

At the next stage of the research, analysis ofamag ANOVA was
performed to determine which particular cuttinggmaetersy, f, m significantly
influences the tool wedfBgs. The analysis was performed at the significaneelle
of 1% (99% confidence level). The results of the@\NA for the tool weaBg
are given in Table 4.
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Table 4. Results of the analysis of variance ANOdAthe value flank weavBs

Cutting Degrees of Sum of Mean = Contribution, %
parameter fredom squares square
Ve 2 5.594 2.797 155.138 71.04
f 2 2.072 1.036 57.450 26.31
m 2 0.173 0.086 4.792 2.19
Error 2 0.036 0.018 — 0.46
Total 8 7.875 — — 100

Analysis of variance ANOVA for the tool we&Bg indicates, that cutting
speedr explain 71.04% of total variance tool wear, arelfdedf — 26.31%.

After determining the optimal levels of the cuttipgrameters, in the next
step, a verification experiment is performed timaa ipractical way confirms the
improvement of the optimized criteria. For optimalues of cutting parameters
due to the tool wear, the value of @8l ratio was determined labeled/as [12]:

Mo =17 +i‘,(/7i -n) (2)

where:z; — value of theéS/N ratio for the optimal level of the cutting paraeret
I — number of parameters affecting the optimizetkiaan in a significant way.

Table 5 shows the results of the confirmation expent using the optimal
cutting parameters based on the tool wear criteria.

Table 5. The results of the confirmation experinfenthe optimal values of the cutting
parameters based on the criteria of tool wear

Initial cutting Optimal cutting parameters
Parameters
parameters Prediction Experiment
Level ve2, f1, m2 vel, f1, ml vel, f1, ml
Fcag, N 263 - 215
Fcmax, N 397 - 415
Fiag, N 543 - 508
Ftmax, N 827 - 720
VBg, um 152 - 148
S/B ratio,dB -43.637 -42.103 -43.405
Improvement of5/B ratio,dB - 0.232 -

For the tool wear the improvement of tH&l ratio is low, 0.232 dB, which
is only 5% decrease of the tool wear (Table 5). djpggmal value of the cutting
speedv; for tool wear criteria is 100 m/min. But take irdocount the results of
research from paper [13], as a final optimal cgtparameters values are proposed
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Ve = 300 m/minf = 0.02 mm/revm = 0.025 mm ¥.3, f1, m2), as this will allow
the reduction of cutting forces. This, in turn, Iwpfrovide more stable cutting
conditions, minimizing the chance of vibrations,iethhave a very damaging
effect on the CBN inserts, speeding up the cuiithge wear process in the form
of micro-chipping (Fig. 5). Unfortunately, this disalifies them from further
machining of surfaces which are to be mated wighsikaling rings. The proposed
displacement levah2 has no significant impact on the value of toohwydut it
will make it possible to avoid the mapping of tlmee mentioned forms of wear
on the machined surface.

Fig. 5. Characteristic cutting edge micro-chipping
of CBN inserts

4. Conclusions

The paper presents the results of the optimizaifautting parameters due
to the criteria of tool weaVvBg using the Taguchi methodology. This made it
possible to reduce the number of experiments chotig to determine the optimal
levels of cutting parameters/( f, m). Summarizing the above results, the
following conclusions can be drawn:

* On the basis of the mean value of 8 ratio, the optimal levels are as
follows: ¢1,f1, ml (v.= 100 m/minf = 0.02 mm/revm= 0 mm).

» On the basis of a subsequent analysis of variAN@®VA, it can be seen
that the cutting speed accounts for 71.04%, and the fefed 26.31% of total
variance of tool weaiBg. Displacementm for tool wear has a practically
negligible impact on these quantities.

» For optimal cutting parameter levels the resulfstlie confirming
experiments confirmed the above conclusions. It wassible to obtain the
improvement tool life only at 5%.

» The proposed final optimal cutting parameterslkesaee as followsi.3,f1,
m2 (ve= 300 m/minf = 0.02 mm/revm = 0.025 mm), they prefer the criteria of
cutting forces [13] more than the criteria of taadar. This is due to the need to
ensure high process reliability because otherwiseptocess of accelerated tool
wear occurs.
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